Introduction

Rice ragged stunt virus (RRSV), a member of the plant
Reoviridae, is an icosahedral particle approximately 65 nm in diameter, possessing a genome consisting of 10 dsRNA segments with Mrs ranging from 0-76 × 106 to 2.48 × 106, and includes an RNA-dependent polymerase capable of transcribing the dsRNA genome into mRNAs (Shikata et al., 1979; Kawano et al., 1983 Kawano et al., , 1984 Boccardo et al., 1984; Lee et al., 1988; Uyeda et al., 1987 Uyeda et al., , 1990 ).
The plant Reoviridae contain two definitive genera and one possible genus on the basis of particle morphology and structure, numbers of genome segments, and vector specificity. The structure of the RRSV particle and the size of the genome segments are unlike those of the other plant Reoviridae, but it resembles viruses in the Fijivirus genus in its type of vector, host range, symptoms induced and numbers of genome segments (Shikata, 1977 (Shikata, , 1981 Boccardo & Milne, 1984; Milne, 1980; Milne et al., 1982) . Therefore, the taxonomic status of this virus is not yet clear and it has been treated as a possible separate genus.
The 5'-and 3'-terminal nucleotide sequences of the genome segments of wound tumour virus (WTV), rice dwarf virus (RDV), rice gall dwarf virus (RGDV), all members of the Phytoreovirus genus, have been determined (Asamizu et al., 1985; Kudo et al., 1991) . A conserved 5'-terminal tetranucleotide sequence [5' GG(U/C)A---] and Y-terminal tetranucleotide sequence [---(U/C)GAU 3'] are shared by all genome segments of viruses in the genus Phytoreovirus. The close similarity in terminal sequences of the dsRNA genomes of viruses belonging to the same genus provides compelling evidence that these viruses share similar mechanisms of replication or transcription, and that they have a common origin. We here report the 3'-and 5'-terminal sequences of the genome segments of RRSV by direct RNA sequencing methods, The sequences are compared with those of viruses in the Phytoreovirus and Fijivirus genera. The molecular structure suggests that RRSV should be placed in a separate genus.
Methods
Purification of RRSV genomic dsRNA, RRSV was purified from infected rice plants as described by Omura et al. (1983) , except that a sucrose density gradient centrifugation step was omitted. Genomic dsRNA was extracted from the purified particles by the method of Uyeda & Shikata (1984) , and purified further on a Sephadex G-50 column and by CC41 treatment (Dulieu & Bar-Joseph, 1989 ).
Labelling of the 5" termini of genomic dsRNA. The purified dsRNAs were dephosphorylated using calf intestinal alkaline phosphatase (Boehringer Mannheim), and phosphorylated using [),-32p]ATP (3000 Ci/mmol; Amersham) and T4 polynucleotide kinase (Takara Shuzo).
Labelling of the 3" termini of genomic dsRNA. Genomic dsRNAs were labelled at their 3' termini using 3',5' bis-cytidine [3zP]diphosphate (pCp; 3000 Ci/mmol; Amersham) and T4 RNA ligase (Takara Shuzo) as described by England & Uhlenbeck (1978) and Kuchino et at. (1982) .
Separation of the genome segments. The labelled dsRNA genome segments were separated by 10% PAGE (Laemmli, 1970) . Individual genome segments were localized by autoradiography and eluted from the crushed gel as described by Kudo et al. (1991) . The separated labelled genome segments were precipitated by the addition of carrier tRNA and 2-5 volumes of ethanol.
Sequence analyses of terminally labelled RNAs using two-dimensional (2D) gel electrophoresis.
Terminally labelled RNAs we~;e partially hydrolysed by alkaline hydrolysis in 100 mM-NaHCO 3 for 1 h at 100 °C, and the product was subjected to PAGE as described by Kudo et al. J. Yan and others (1991) . The sequence was read after autoradiographing the gel at 6 °C for 1 to 4 days.
Terminalbase analyses.
The 5'-and T-terminally labelled RNAs were digested using nuclease P1 (Boehringer Mannheim) and RNase T2 (Yamasa), respectively. The complete digests (ribonucleoside 5'-or 3'-monophosphates) were analysed on a PEI-cellulose chromatograph developed in 0.4 M-LiCl. The terminal nucleotides were identified by autoradiography of the chromatograph.
RNA sequencing using reverse transcriptase. The 5'-terminal region of genome segment 9 was also directly sequenced by a dideoxynucleotide chain termination method using reverse transcriptase (Seikagaku Kogyo) as described by Uyeda et al. (1989) . A synthetic oligonucleotide, based on the cDNA sequence of segment 9, was used as a primer and the transcript as a template.
cDNA sequencing, cDNAs to the RRSV genome were made as described by . cDNA of segment 9 was selected by colony hybridization (F. Azuhata, unpublished data). The cDNA sequence of segment 9 was read by the dideoxynucleotide chain termination method (Sanger et al., 1977) using a T7 polymerase sequencing kit purchased from United States Biochemical.
•
Results
Y-terminal labelling of genomic dsRNA of R R S V and segment separation
After being radioactively labelled at their 5' termini, the genome segments were separated by 10~ P A G E and visualized by autoradiography (Fig. 1 ). Segments were equally labelled and clearly separated. At the position of segment 9, two closely spaced bands were observed which were used as one sample without separation. The 5'-terminal nucleotide of each labelled d s R N A segment was determined by PEI-cellulose chromatography after complete digestion with nuclease P1. Most radioactivity was detected in G M P (data not shown).
Nucleotide sequence of Y-terminal regions of the minus strand of genomic dsRNAs
The sequence of 5'-terminally labelled genomic d s R N A segments was determined by 2D PAGE. Only one wandering spot pattern could be resolved up to 10 nucleotides from the 5' terminus, although two tracks were expected. This indicated that only one strand of the genomic d s R N A had been labelled by polynucleotide kinase. Fig. 2 shows the sequence analyses of segment 9. The sequence obtained from 2D P A G E was interpreted to be 5' G C A C C A U G G U C U C ---. This sequence was that of a minus strand because it was complementary to that obtained from the analysis of the segment 9 c D N A containing the plus sense T-terminal portion. The 5'-terminal sequence of the minus strand of all 10 segments was identical for the first four nucleotides, i.e. 5' GCAC---. 
Y-terminal labelling and 2D PAGE analysis of genomic dsRNA of R R S V
The 10 segments of RRSV genomic d s R N A labelled at their 3' termini with [32p]pCp were electrophoretically separated. The 3'-terminal nucleotides of all segments were determined by PEI-cellulose chromatography after complete digestion with RNase T2. The radioactive phosphate was exclusively incorporated into CMP (data not shown), suggesting that the 3' termini of both the plus and minus strands of all segments were C. Consequently, the 5' termini of the plus strands were G. Without separating the plus and minus strands, all the 3'-terminal labelled d s R N A segments were partially digested in alkali and analysed in the 2D P A G E system. (b) T-terminal nucleotide sequence of genome segment 9 determined by cDNA sequencing as described in Methods.
As shown by analysis of genome segment 9, the digest resolved into two distinct tracks (Fig. 3) . The top spot, which migrated at the position of dinucleoside diphosphate in the second dimension, corresponded to C. When the nucleotides resolved into two distinct tracks, the sequences of the solid and broken lines (Fig. 3) could be interpreted as ---G G U G C 3' and ---U U U A U C 3', respectively. The former agreed with the complementary sequences of Y-terminal regions of the minus strand of segment 9 determined by analyses of 5'-terminally labelled genomic R N A (Fig. 2) . The latter agreed with the result of the primer sequencing analysis using viral transcripts as the template. Therefore, these sequences represented those of the T-terminal regions of the plus and minus strands, respectively. The T-terminal sequences of minus strands obtained from all the genome segments showed the same pattern for the first six nucleotides, ---U U U A U C 3'; in the plus sense, this is 5' GAUAAA---. The conserved terminal sequences are shown in Table 1 . 
Comparison of terminal sequences among plant
Reoviridae
The terminal sequences obtained from all the genome segments of RRSV were compared with those of other viruses in the plant Reoviridae (Table 2) . WTV, R D V and R G D V , viruses in the Phytoreovirus genus, have an identical T-terminal tetranucleotide sequence, ---U G A U 3', except for segment 9 of RDV. Two types of conserved tetranucleotide sequence were found to be present at the Asamizu et al. (1985) . 1" Data taken from Kudo et al. (1991) . Data taken from Azuhata et aL (1990) . § Data taken from Marzachi et al. (1991). 5" terminus of the three viruses: 5" GGUA---and 5' GGCA--- (Asamizu et al., 1985; Kudo et al., 1991) . In the case of rice black-streaked dwarf virus (RBSDV), a Fijivirus, the terminal sequences of segment 10 have been found to be 5' NAGUUU-and -UGUC 3' (Azuhata et al., 1990) . The terminal sequences of genome segments $6, $7 and $8 of maize rough dwarf virus (MRDV), also a member of the Fijivirus genus, have been reported to be 5' AAGUUUUUU-and -UGUC 3' (Marzachi et al., 1991) . These results illustrate the close relationships among viruses that belong to the same genus. Comparison of RRSV, viruses in the Phytoreovirus genus and those in the Fijivirus genus shows that there is no similarity between the terminal sequences.
Discussion
We have determined 5'-and 3'-terminal sequences of all 10 dsRNA genome segments of RRSV by direct RNA sequencing methods, and compared them with the terminal sequences of some members of the Phytoreovirus and Fijivirus genera. The question of whether RRSV should be placed in a separate genus of the plant Reoviridae is essentially now resolved. The fact that the 5" and 3' termini do not resemble those of other plantinfecting members of the family (Table 2 ) reinforces the provisional suggestion that RRSV should become the type member of a third plant reovirus genus.
All RRSV genome segments have the same terminal sequences 5' GAUAAA---and ---GUGC 3'. When the labelled genome segments were separated by 10~ PAGE, segment 9 appeared as two bands. However, the terminal sequences detected by 2D PAGE analysis showed only one pattern ( Fig. 1 and 2) , suggesting that the terminal sequences are identical. Further analysis of the heterogeneity of segment 9 is in progress.
